I present results of the analysis of ASCA data for 24 type-1 active galactic nuclei. Spectral features resulting from absorption by highly ionized material along the line of sight, the so-called warm absorber, occur in half of this sample. A relationship between this absorption and optical reddening is demonstrated. Implications for models of the AGN environment are discussed. It is suggested that at least some of the X-ray absorbing material is dusty ionized plasma originating from the molecular torus in the form of a radiatively driven wind.
Introduction
X-ray absorption by partially-ionized, optically-thin material, along the line-of-sight to the central engine, the so-called warm absorber, is a prominent feature in the X-ray spectrum of many active galactic nuclei (AGN). The main observational signatures of this material in the ASCA band are the deep K-shell absorption edges of Ovii and O viii (with threshold energies 0.74keV and 0.87keV respectively.)
The ionized absorption in several bright Seyfert galaxies have been studied in some detail using the superior spectral resolution of the ASCA SIS. In the best studied Seyfert 1, MCG?6-30-15, dramatic spectral variability can be directly attributed to changes in the warm absorber (Fabian et al. 1994 ; Otani et al. 1996a ; Otani et al. 1996b ).
This variability is mostly due to changes in the O viii edge depth which are anti-correlated with the ionizing ux (the Ovii edge is seen to remain constant over timescales of months to years). This leads to a two-zone absorber model in which the O viii edge originates from an inner region (possibly related to the BLR) whereas the O viii edge originates from a more distant region (possibly associated with the molecular torus).
Here I present results from the analysis of ASCA data for a sample of 24 type-1 AGN. The results discussed here are a subset of the results presented in Reynolds (1996) . The primary aim of this study is to address the role of ionized absorbers within uni ed AGN models.
The ASCA data
The sample consists of the 24 objects studied in the EXOSAT survey of Turner & Pounds (1989) and the Ginga survey of NP94 for which ASCA data was publicly available at the time of the analysis (late 1995). It contains 20 radio-quiet AGN and 4 radio-loud objects. This sample is not homogeneous or complete in any well de ned sense. However, it should be unbiased with respect to any of the spectral properties discussed in this paper. Indeed, the two lists from which the sample objects are drawn were compiled prior to any detailed knowledge of AGN spectral complexity. Standard data reduction (described in Reynolds 1996) was performed in order to extract 0.5{10keV spectra of these objects. MCG?6-30-15 provides one clear case of a warm absorber that is not described by a onezone (i.e. uniform slab) photoionization model. Thus, here I parameterise the warm absorber by a simple two-absorption edge model (in order to remain model independent) with the energy of the edges xed at the physical K-shell threshold energies of O vii and Oviii. The inclusion of these absorption edges in the spectral tting of these objects leads to a statistically signi cant improvement in 12 out of the 24 objects. Moreover, 9 of these objects have a maximum optical depth greater than 0.2 (90 per cent con dence level) for one or both of the absorption edges. This is approximately the level at which the ionized absorption is visually apparent in the X-ray spectrum. These results are robust to the presence of a black-body soft excess. They are also robust to any currently recognized SIS low-energy calibration issues. This demonstrates that warm absorption is a common phenomenon in type-1 AGN.
UV/Optical/IR data
Recent evidence has emerged linking the ionized absorption seen in the X-ray spectrum of AGN with optical/UV characteristics of the objects. First, it has been suggested that the UV absorption lines seen in the broad line pro les of many AGN arise from the same ionized material as do the warm absorption features Mathur 1994; Mathur, Elvis & Wilkes 1995) . Given this identi cation, the velocity structure of the absorbing material can be accurately measured from the UV absorption lines. Mathur, Elvis & Wilkes examine the Seyfert 1 galaxy NGC 5548 and deduce that the absorber forms an out ow with a velocity of 1200 260kms ?1 .
Secondly, there is strong evidence that at least some warm absorbers are intrinsically dusty leading to a connection between optical/UV reddening and ionized absorption. The two strongest cases are MCG?6-30-15 and IRAS 13349+2438 (Brandt, Fabian & Pounds 1996) . Both of these objects display signi cant optical reddening (E(B?V ) > 0:3) which, assuming a Galactic dust-to-gas ratio implies a line-of-sight gas column density in excess of 2 10 21 cm ?2 . However, both of these objects have tight X-ray limits on the amount of neutral gas which are inconsistent with the reddening value by an order of magnitude or more (i.e. the X-ray limits are N H < 2 10 20 cm ?2 ). A resolution of this apparent discrepancy which avoids postulating ad-hoc geometries or exceptionally high dust-to-gas ratios is to place the dust responsible for the reddening in the warm ionized material inferred from the oxygen edges seen in the X-ray spectrum of these two objects. Dust can survive in photoionized plasma since the grains are in thermal equilibrium with the radiation eld rather than the gas particles.
Motivated by these studies, it is interesting to search for a relationship between the optical/UV reddening and ionized absorption. A di culty in such a study is to determine the reddening in a uniform manner across the sample. Here, I use a reddening indicator, X, de ned as the ratio of the continuum ux at 2200 A, F 2200 , to that at 1250 A, F 1250 , X = F 2200 F 1250 (1) as determined by the International Ultraviolet Explorer (IUE) and reported in the AGN compilation of Courvoisier & Paltani (1992) . Only simultaneous (i.e. same day) measurements of these two uxes were considered in order to minimise the e ects of source variability. For objects with more than one such simultaneous measurement, the mean and standard deviation of the various values of X were computed. For a given primary continuum shape, reddening will tend to increase X. Justi cations for choosing this reddening indicator are given in Reynolds (1996) . Figure 1 shows O7 and O8 as a function of this reddening indicator. Trends are seen in the O7 -X plot (Fig. 1a) . In particular, three classes of objects can be distinguished: unreddened objects with small Ovii edges, reddened objects with appreciable Ovii edges and two outlyers (NGC 3516 and NGC 3783) which have a small reddening and a very large O vii edge. To formally assess this trend, the sample was divided into an unreddened subsample (with X < 1) and a reddened subsample (X > 1). The distributions of 7 for these two subsamples are inconsistent (according to a KS test) at more than the 99 per cent level. This result is independent of whether the radio-loud objects are included or not. No strong trends are seen in the O8 -X plot (Fig. 1b) except that all reddened objects have non-zero Oviii edge depths.
Discussion and conclusions
Spectral variability in at least one Seyfert 1 strongly argues for a two-zone warm absorber. If the warm absorber is dusty, as suggested in the cases of MCG?6-30-15 and IRAS13349+2438, the dust must reside in the outer absorber: dust would rapidly sublime if present in the intensely irradiated inner absorber. The observed correspondence between the depth of the O vii edge and the optical reddening in the present sample of objects is further circumstancial evidence for dust coincident with the O vii absorbing region. The observed amount of ionized absorption and optical reddening in radio-quiet AGN would then depend solely on orientation. Some lines-of-sight may have no intervening ionized absorber or dust whereas other lines-of-sight may have a dusty ionized absorber. The two objects displaying deep ionized absorption edges and no optical reddening (NGC 3783 and NGC 3516) may be intrinsically unusual or suggest that there are lines-of-sight with a large column of dust free ionized absorption.
The presence of dust in the outer ionized absorber provides clues as to its origin. It is unlikely to originate by cooling from a hot phase (at the Compton temperature of T 10 6 { 10 7 K, say). The hot phase would be completely dust free (any dust would be rapidly sputtered) and dust formation from metals in the warm gas T 10 5 K) would be prevented since the gas temperature very much exceeds the sublimation temperature. Therefore, the dusty outer absorber is likely to originate via heating of previously cold, dusty material. The classical molecular torus of the standard AGN uni cation schemes provides an obvious source for such cold dusty material. Thus, the outer absorber may represent a radiatively-driven dusty wind from the torus. The fact that the ionized edge depth is often observed to within an order of magnitude of unity may also be suggestive of the importance of radiation pressure.
A detailed understanding of such out ows is intimately linked with a physical understanding of molecular tori, a full discussion of which is beyond the scope of the present paper. However, some general considerations hint at the ingredients of a complete model. The dichotomy between type-1 (broad line) and type-2 (narrow line) AGN suggests the existence of a well de ned obscuring torus. The outer ionized absorber may constitute material that forms an ionized skin on the inner edge of this torus and is then driven along radial paths by the action of radiation pressure. The ionized dusty material would possess a conical shell-like structure. The opening angle of the ow in the wall of this conical shell (and thus the solid angle subtended by the ow) would depend on the depth of the ionized torus skin. The observations presented here nd that 20 per cent (4 out of 20) radio-quiet type-1 AGN possess signi cant ionized absorption and signi cant optical reddening. Taking into account the solid angle in which an observer would see a type-2 object, the dusty ionized out ow covers 5{10 per cent of the total solid angle as seen from the central source. This implies either a thick ionized torus skin ( 0:1{0.3pc thick in order to subtend this solid angle at the primary source) or that the wind is non-radial.
Ionized material may be caused not to follow a radial path and thus be streamed into the line of sight towards the nucleus via the action of magnetic elds. For example, in the centrifugally driven wind model (Blandford & Payne 1982) matter is driven o the surface of an accretion disk and made to stream along a poloidal magnetic eld by the action of centrifugal forces and radiation pressure. Any dust present in the disk material will be carried along in this ow and, beyond the sublimination radius, can survive to form a dusty obscuring`torus' (K onigl & Kartje 1994 ). Observers at small inclination (i.e. face-on) will be free from any obscuring matter and see bare AGN emission. As the inclination is increased, the line of sight may intercept ionized material (corresponding to the outer warm absorber). For still larger inclinations, dusty ionized material may obscure the central engine. Finally, there would be some critical inclination beyond which a very large column of gas (both ionized and cold) and dust blocks the central engine thereby producing a type-2 source.
